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We point out that the prediction of the minimal chaotic inflation model is altered if a scalar
field takes a large field value close to the Planck scale during inflation due to a negative Hubble
induced mass. In particular, we show that the inflaton potential is effectively suppressed at a large
inflaton field value in the presence of such a scalar field. The scalar field may be identified with
the standard model Higgs field or flat directions in supersymmetric theory. With such spontaneous
suppression, we find that the minimal chaotic inflation model, especially the model with a quadratic
potential, is consistent with recent observations of the cosmic microwave background fluctuation
without modifying the inflation model itself.
Cosmic inflation is the most important paradigm of
modern cosmology. The flatness and the homogeneity of
the universe are explained by a quasi-exponential expan-
sion of spacetime in the very early universe [1, 2]. Fur-
thermore, so-called slow-roll inflation [3, 4] (see also [5])
predicts the almost scale invariant and Gaussian fluctua-
tion of the universe [6–10], which has been confirmed by
observations of the large scale structure of the universe
and the cosmic microwave background (CMB). Slow-roll
inflation is driven by a flat scalar potential of a scalar
field referred as an inflaton.
Among slow-roll inflation models, chaotic inflation [11]
is the most attractive model, since it is free from the
initial condition problem [12]. Here, let us briefly review
the minimal model of chaotic inflation with a quadratic
scalar potential [11],
V =
1
2
m2φ2 , (1)
where φ is a real scalar field and m denotes a mass pa-
rameter. In this simplest model, so-called slow-roll con-
ditions are satisfied when φ takes a field value larger than
the Planck scale, MPL ' 2.4 × 1018 GeV. (Hereafter, we
occasionally take a unit MPL = 1.) The scalar field φ
plays a role of the inflaton when it starts off from a very
large field value in the early universe, where the Hubble
parameter is given by H = mφ/
√
6.
From the observed magnitude of the curvature pertur-
bation at the pivot scale, k∗ = 0.05 Mpc−1, the mass
parameter m is determined to be
m ' 6× 10−6 ×MPL . (2)
The spectral index of the curvature perturbation ns and
the tensor-to-scalar ratio r are, on the other hand, in-
dependent of m, and depend only on the inflaton field
value at the corresponding e-folding number Ne of the
pivot scale, φNe ' 2
√
Ne;
ns = 1− 2
Ne
' 0.967 (Ne = 60) ,
r =
8
Ne
' 0.133 (Ne = 60) . (3)
The virtue of the choatic inflation model is that it is
free from the initial condition problem. There, inflation
starts out with arbitrary or chaotic initial conditions. It
is also advantageous that inflation starts even when the
universe is closed at the Planckian time, since the slow-
roll conditions are satisfied for V ∼M4PL (φ ∼M2PL/m).
Because of the absence of the initial condition problem
and its simplicity, the chaotic inflation model has at-
tracted great attention for a long time.
Before applauding the chaotic inflation model, how-
ever, we need to address an important question about
the shape of the inflaton potential. Why is the inflaton
potential given by a quadratic term over a Planck scale
field value? Generically, there would be higher dimen-
sional terms of φ which ruin the flatness of the potential.
One of the most attractive ideas addressing the above
problem is to use a shift symmetry [13] under which φ
transforms as φ + c with c being a real parameter. The
shift symmetry is assumed to be softly broken by a spu-
rion field m which transforms as m→ mφ/(φ+ c). With
these assumptions, φ appears in the scalar potential only
through a combination of mφ, which ensures the domi-
nance of the quadratic term and the flatness of the po-
tential even above the Planck scale field value.
Despite those successful foundations, however, recent
observations of the CMB seem to disfavor the minimal
model with a quadratic inflaton potential [14] (see also
Eq. (3) and Fig. 3). This forces us to modify the mini-
mal model, for example, by introducing further breaking
of the shift symmetry in addition to m [15–17], or by
achieving an inflaton potential with a power law expo-
nent smaller than two [18–20], or by considering a generic
polynomial potential [21–23].
As we will see, however, it is not necessary to mod-
ify the inflation model itself to fit the observations. The
inflaton potential is effectively suppressed at a large in-
flaton field value when another scalar field obtains a large
value during inflation due to a negative Hubble induced
mass. The scalar field may be identified with the stan-
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2dard model Higgs field or flat directions in supersymmet-
ric theory. With such spontaneous suppression of the
inflaton potential, we find that the minimal chaotic in-
flation model is consistent with the recent observations.
To illustrate how the suppression occurs, let us intro-
duce a scalar field χ which couples to the inflaton via,
V =
1
2
m2φ2
(
1− c2χ2 + · · ·
)
+
λ
2n
χ2n . (4)
Here, c2 and λ are coupling constants, and the ellipses
denote higher order terms of χ. It should be emphasized
that the couplings between φ and χ do not violate the as-
sumption of a softly broken shift symmetry. Rather, it is
quite natural for χ to have such couplings to φ with O(1)
coupling constants unless χ also has a shift symmetry. As
for the scalar potential of χ, we assume a single power
low potential of χ with an exponent n ≥ 2. As we will
discuss shortly, following arguments can be generalized
to a more generic scalar potential of χ.
Now, let us assume that c2 is positive and c2 & 1.
Then, the scalar field χ obtains a negative induced mass
of O(H2) during inflation, with which χ is expelled to a
large field value,
χ∗(φ) '
(c2
λ
m2φ2
)1/(2n−2)
. (5)
Here, we have also assumed λ > 0. Without cancella-
tion, χ is expected to obtain a mass squared of O(H2)
at around χ∗(φ).
When χ is fixed to χ∗(φ), the inflaton potential receives
back-reaction, leading to an effective inflaton potential,
V (φ) ' 1
2
m2φ2
(
1− (n− 1)c2
n
χ2∗(φ) + · · ·
)
. (6)
Notably, the back-reaction suppresses the inflaton poten-
tial at a large inflaton field value. In Fig. 1, we show
a schematic picture of the effective inflaton potential.
There, the inflaton potential is effectively suppressed for
a large inflaton field value, which becomes significant for
χ∗(φ) = O(0.1)–O(1). As a result, the prediction on r,
for example, becomes smaller than the one without the
back-reacion. This effect certainly provides a better fit
to the observations.
The above discussion can be extended to more generic
cases,
V =
1
2
m2φ2 (1− f(χ)) + g(χ) , (7)
where f(χ) and g(χ) are some functions of χ. Due to
the softly broken shift symmetry, there is no other terms
which couple φ and χ.1 As before, we require that the
1 Here, we have neglected terms of O(m4φ4). We have also as-
sumed a Z2 symmetry under which φ and χ are odd, for simplic-
ity.
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FIG. 1. Schematic picture of the effective inflaton potential
(solid line). The potential is suppressed than the quadratic
potential (dashed line) for a large φ.
coefficient of the quadratic term of χ in f(χ), is positive
and of O(1). As for a function g(χ), we require
1. g(χ) is monotonically increasing for χ . O(1),
2. g(χ) is shallow so that g(1) O(1).
The first condition ensures that χ smoothly goes back to
a small field value after inflation. The second one allows
χ to have expectation value of O(0.1)–O(1) for φ & 1.2
Under these assumptions, χ is again expelled to χ∗(φ)
which is determined by,
1
2
m2φ2f ′(χ∗) = g′(χ∗) . (8)
Due to the shallowness of g(χ), χ∗(φ) is of O(0.1)–O(1)
during inflation, and hence, the inflaton potential is sup-
pressed due to back-reaction. It should be emphasized
that the suppression is a quite generic feature of this sce-
nario, since χ moves to minimize the potential energy for
a given value of φ. We call this mechanism spontaneous
suppression of the inflaton potential.
Let us pause here and discuss how spontaneous sup-
pression affects the initial condition problem. As we
have mentioned, the virtue of the chaotic inflation model
is that it satisfies the slow-roll conditions even at the
Planckian time, i.e. V ∼ M4PL (φ ∼ 1/m). For such a
large φ, one might worry that χ∗(φ) is also much larger
than 1 (see Eq. (5)). In reality, however, the higher di-
mensional terms of f(χ) become more important for a
larger φ, and χ∗(φ) converges to a solution of f ′(χ∗) = 0
and becomes insensitive to φ. With no small parameters
in f(χ), χ∗(∞) is naturally expected to be of O(1), and
hence, χ∗(φ) is of O(1) even for φ ∼ 1/m.
In Fig. 2, we show a schematic picture of the effec-
tive potential. As in Fig. 1, the inflaton potential is sup-
pressed for a large inflaton field value where χ∗(φ) =
2 As we discuss later, the shallowness of g(χ) can be easily achieved
in supersymmetric models.
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FIG. 2. Schematic picture of the effective inflaton potential
(solid line). The potential is suppressed than the quadratic
potential (upper solid line) for a large inflaton field value
where χ∗(φ) = O(0.1)–O(1) is achieved. For a larger infla-
ton field value, χ∗(φ) converges to χ∗(∞), and the inflaton
potential becomes quadratic with an effective squared mass,
m2eff = m
2(1− f(χ∗(∞))) (lower solid line).
O(0.1)–O(1) is achieved. For a much larger φ, χ∗(φ)
converges to χ∗(∞), and the inflaton potential becomes
again quadratic with a slightly smaller mass than m.3
Several comments are in order. In Fig. 2, we have as-
sumed that 1 − f(χ) is positive definite for χ < χ∗(∞).
In particular, if 1 − f(χ∗(∞)) < 0, the effective infla-
ton potential is not monotonically increasing for a large
field value, which screws up the whole picture. Instead,
by assuming 1 − f(χ) > 0 for χ < χ∗(∞), the inflaton
potential is always increasing monotonically, so that the
inflaton field smoothly slides down the potential.
To solve the tension between the observations and the
original predictions of the chaotic inflation model, it is
required that
O(0.1) < χ∗(φNe) < χ∗(∞) , (Ne ' 50− 60) . (9)
The first inequality is necessary in order to change the
prediction by O(10)% from the original prediction in
Eq. (3). The second inequality is necessary so that the in-
flaton potential deviates from a quadratic one at the time
of the horizon exit of the pivot scale. Otherwise, the ef-
fective inflaton potential is nothing but the quadratic po-
tential with a slightly lower mass at that moment, which
does not change the predictions on ns and r.
4 In the
case of the simplest example give in Eq. (4), for example,
these conditions roughly amount to
O(0.1) <
(
4c2Ne
λ
m2
)1/(2n−2)
< O(1) , (10)
3 It should be also noted that the physical mass of the inflaton
around its origin becomes slightly larger than the one given in
Eq. (2) for a given magnitude of the curvature perturbation. This
is advantageous to achieve a higher reheating temperature after
inflation.
4 Even if χ∗(φNe'50−60) = χ∗(∞), the back-reaction of χ may
leave visible effect on perturbations if χ∗(φ) becomes smaller
than χ∗(∞) at the horizon exit of smaller scales.
which requires λ ∼ O(Nem2) = O(10−9).
Now, let us demonstrate how spontaneous suppression
changes the predictions on ns and r. In Fig. 3, we show
the predictions for,
f(χ) = c2χ
2 + c4χ
4 , (11)
g(χ) =
λ
4
χ4 . (12)
In the figure, each line shows the prediction when we
change the value of λ . (The parameters, c2, c4 and Ne
are fixed as indicated.) The five-points-stars denote the
predictions for λ → ∞. There, χ is not expelled from
its origin, i.e. χ∗(φNe) = 0, and hence, the predictions
coincide with the ones without spontaneous suppression.
We stopped each line when χ∗(φNe) is χ∗(φNe) = 2 to re-
mind the conditions in Eq. (9), which roughly correspond
to λ ∼ 10m2. The figure shows that the prediction of the
minimal chaotic inflation model is consistent with the
observations due to spontaneous suppression.
In our numerical analysis, χ is completely fixed at
χ∗(φ). By remembering that the induced mass is not
much larger than the Hubble scale, this treatment is not
very precise. The fluctuation of χ from χ∗(φ) could also
have visible effect on cosmic perturbations. We do not
pursue this possibility further in this paper, since our
main purpose is to demonstrate the importance of the
back-reaction of χ to the inflaton dynamics.
So far, we have not addressed the naturalness of the
shallowness of g(χ). To rationalize the shallowness, su-
persymmetry is the most versatile possibility. In fact, our
arguments can be easily extended to the minimal chaotic
inflation model in supergravity. The minimal chaotic in-
flation model can be embedded into supergravity by con-
sidering two chiral supermultiplets Φ and X with the
following Ka¨hler and the super potentials [13],
K = K((Φ + Φ†)2, X†X) (13)
=
1
2
(Φ + Φ†)2 +X†X + · · · ,
W = mXΦ . (14)
Here, m again denotes a spurion field of the breaking of
the shift symmetry, Φ→ Φ+ic with c being a real param-
eter.5 The ellipses denote higher dimensional terms. Due
to the softly broken shift symmetry, the imaginary scalar
component of Φ 3 iφ/√2 obtains a quadratic potential in
Eq. (1) and it plays a role of the inflaton. The chiral field
X is often called a stabilizer, which itself is fixed at its
origin during inflation due to a positive Hubble induced
mass.
5 Along with softly broken shift symmetry, we also assume a Z2
symmetry and an R-symmetry.
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FIG. 3. Predictions on ns and r of the minimal chaotic in-
flation model with spontaneous suppression. The solid lines
show the predictions when we change the value of λ. There,
c2 = 1, c4 = −1/4 and Ne as indicated. For Ne = 55, we
also show the predictions for c4 = −(1 + 0.1)/4 (dashed line)
and c4 = −(1 + 0.2)/4 (dotted line) for comparison. The
five-points-stars denote the predictions for λ→∞, which co-
incide with the ones without spontaneous suppression. The
points on each line correspond to λ = 103m2 and λ = 102m2
as indicated. We stop the lines at the filled squares where
χ∗(φNe) = 2 (λ ' 10m2). We also show the observational
constraints [14].
Now let us introduce a chiral superfield C whose scalar
component plays a role of χ in the above discussion.6
In supersymmetric theory, χ obtains a negative Hubble
induced mass via the coupling to the stabilizer in the
Ka¨hler potential,
K = X†X(1 + f˜(C†C)) , (15)
where f˜(C†C) denotes a function of C†C. The scalar
potential of χ is, on the other hand, obtained from a
superpotential,
W = κY Cn , (16)
which leads to
g(χ) = |κ|2|χ|2n . (17)
Here Y denotes another chiral superfield, and κ the cou-
pling constant. As a virtue of a superpotential term,
there is no wonder to have a very suppressed κ. Thus,
in supersymmetric model, the shallow scalar potential
6 Hereafter, χ denotes a complex scalar field.
g(χ) can be easily rationalized. It should be also em-
phasized that flat directions are ubiquitous in supersym-
metric theory (such as D and F flat directions in the su-
persymmetric standard model). Therefore, the scenario
with spontaneous suppression goes particularly well with
supersymmetry.7
In this letter, we pointed out that the prediction of
minimal chaotic inflation models is affected by the exis-
tence of some scalar fields when they obtain large field
values of O(0.1)–O(1) during inflation due to negative
Hubble induced masses. As we demonstrated, the pre-
diction of the quadratic chaotic inflation model is consis-
tent with observational constraints on ns and r when we
take spontaneous suppression into account. Let us em-
phasized that scalar fields with negative Hubble induced
masses are rather common (in particular in supersymme-
try models), and hence, it is important to keep this effect
in our mind.
It should be also noted that spontaneous suppression of
the inflaton potential occurs in other large field inflation
models such as the natural inflation models. Therefore,
the predictions of those models are also altered by spon-
taneous suppression.
Finally, we comment on a possible connection between
spontaneous suppression and the standard model. To
date, the Higgs boson is the only known scalar field to ex-
ist apart from the inflaton. Interestingly, the Higgs quar-
tic coupling seems almost vanishing at around the Planck
scale within the uncertainties of standard model parame-
ters (see e.g. [26–29]). This shows that the Higgs boson is
a candidate of χ. This possibility can be partially tested
by future precise measurements of the Higgs mass param-
eters, the top Yukawa coupling and the strong coupling
constants.
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